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SEALING  FARM  PONDS  IN  OZARK  HIGHLANDS, 
CENTRAL  MISSISSIPPI  VALLEY  WOODED  SLOPES, 
AND  DEEP  LOESS  HILLS  V 

V.  C.  Jamison  and  J.  F.  Thornton 

Properly  constructed  and  sealed  farm  ponds  are  water-saving  structures.  They  will  reduce 
peak  runoff  and  drainage-channel  erosion  during  wet  periods  and  provide  water  for  farm 
animals  and  irrigation  during  dry  seasons.  Leaking  ponds  lose  much  of  their  value,  since  they 
cannot  be  relied  upon  to  supply  storage  when  it  is  needed.  Ponds  that  leak  so  rapidly  as  to  be  dry 
most  of  the  time  represent  serious  losses  in  land  and  construction  costs. 

Excessive  seepage  from  ponds  is  a  serious  problem  in  many  areas  of  the  Midwest.  A 
survey  of  farm  ponds  in  Dade  County,  Mo.,  made  in  November  1959  by  the  Soil  Conservation 
Service,  revealed  75  to  80  seriously  leaking  or  dry  ponds  in  that  county  and  750  to  1,000  such 
ponds  in  southwestern  Missouri.  Most  of  these  ponds  were  excavated  in  soils  derived  from 
Mississippian  limestones  and  shales.  Leaking  and  dry  ponds  occurred  most  frequently  where  they 
were  excavated  in  soils  classified  as  being  included  in  the  Newtonia,  Baxter,  Eldon,  Eldorado, 
Craig,  and  Gasconade  series.  Most  of  the  dry  ponds  were  constructed  according  to  current 
recommendations,  which  specify  a  depth  of  at  least  8  feet.  These  are  generally  excavated  deeper 
than  the  older  reservoirs,  which  had  fewer  failures.  The  older  shallow  structures  were  less  apt 
to  expose  the  highly  aggregated  red  clay  subsoil  or  cherty  gravel  layers  in  the  deep  subsoil.  Also, 
many  older  ponds  were  not  fenced  and  farm  animals  were  allowed  to  trample  in  them.  This 
trampling  may  have  improved  sealing  of  the  pond  bottom. 

Depth  is  essential  for  a  dependable  water  supply.  High  evaporation  losses  during  droughts 
will  tend  to  nullify  the  value  of  a  shallow  pond,  since  it  will  contain  water  only  when  the  need  is 
not  great.  A  shallow  pond  may  be  little  more  than  a  source  of  mosquito  infestation  during  normal 
periods  of  rainfall  and  a  dry  basin  during  dry  seasons  when  water  is  needed. 

The  problem  of  rapid  pond  seepage  is  not  confined  to  the  Ozark  Highlands.  Some  leaking 
ponds  were  excavated  in  soils  of  the  Deep  Loess  Hills — the  Menfro,  Winfield,  and  Memphis — 
soils  of  the  central  Mississippi  Valley  wooded  slopes,  and  a  few  in  the  Shelby,  Grundy,  and 
Sharpsburg  of  the  Heavy  Till  Plains.  Profile  descriptions  of  representative  soils  of  these  areas 
are  given  elsewhere  (7,  8).' 


PRINCIPLES  OF  SEALING  FARM  PONDS 


Basic  principles  of  pond  construction  and  sealing  have  been  presented  by  Holtan  (5,  6).  If  an 
impervious  layer  is  beneath  the  bottom  of  the  pond,  a  good  seal  may  be  achieved  by  placing  an 
impervious  core  in  the  fill,  or  by  spreading  and  compacting  a  surface  blanket  of  impervious 
material  on  the  face  of  the  fill.  The  core  or  blanket  must  be  keyed  into  the  impervious  layer  or. 


1  Contribution  from  the  Soil  and  Water  Conservation  Research  Division,  Agricultural  Research  Service,  USDA, 
in  cooperation  with  the  Missouri  Agricultural  Experiment  Station  and  the  Soil  Conservation  Service,  USDA. 

2  Soil  Scientist  and  Agricultural  Engineer,  Soil  and  Water  Conservation  Research  Division,  at  Columbia,  Mis - 
souri. 

'  Underscored  numbers  in  parentheses  refer  to  Literature  Cited  at  end  of  publication. 
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where  such  a  layer  is  not  continuous,  a  bag-type  seal  may  be  used.  This  consists  of  a  compacted 
impervious  blanket  covering  the  pond  bottom  and  the  sides  extending  above  the  high  water  level. 
To  prevent  excessive  seepage  or  blowout  failures,  the  sealing  layer  must  have  beneath  it  or 
within  its  depth,  sufficient  strength  to  support  the  head  of  water  above  it.  Holtan's  tests  (6)  with 
soils  in  Virginia  in  which  ponds  were  constructed  showed  that  compacted  blankets  of  sandy  loam 
soil  materials  should  be  most  satisfactory.  A  good  combination  of  strength  and  impermeability 
could  be  expected  from  about  1  foot  of  compacted  sandy  loam.  He  suggested  that  ideal  material 
should  have  from  70  to  as  high  as  95  percent  of  sharp  sand,  and  from  5  to  30  percent  clay  with 
silt  as  needed  to  improve  the  gradation  of  particle  sizes.  Compacting  the  material  at  optimum 
moisture  content  improved  strength  and  seal. 

Puddling,  increased  the  seal  but  often  reduced  the  strength  of  the  material  and  increased 
the  tendenty  for  blowout  failures.  Addition  of  colloidal  clay  such  as  bentonite  increased  the 
seal  pf  sands,  but  excessive  amounts  reduced  the  soil  strength.  Also,  bentonite  acted  as  a 
dispersing  agent  in  clays  of  the  same  electronic  charge,  thereby  improving  the  seal  but  reducing 
the  strength. 

Clay  and  other  additives  have  been  tested  for  sealing  farm  ponds  and  canals  (3,  4).  Some 
tests  indicated  treatment  benefits,  though  the  duration  of  the  effects  was  uncertain. 

Where  stable  soil  aggregation  is  responsible  for  high  seepage,  it  may  be  possible  to  improve 
a  pond  seal  by  dispersing  some  of  the  material  so  as  to  clog  the  soil  voids  in  deeper  lying 
layers  with  clay.  Observation  indicated  that  the  trampling  of  animals  will  reduce  seepage,  probably 
through  puddling  and  dispersing  as  well  as  by  compaction  of  the  soil  aggregates  so  as  to  form  a 
sealed  layer  below  the  zone  of  disturbance.  Recent  tests  with  tripolyphosphates  (1,  2),  which 
have  a  dispersing  effect  on  sesquioxide-bonded  soil  aggregates,  indicate  these  and  similar 
chemicals  may  be  used  to  improve  pond  sealing.  Whatever  method  is  used,  it  will  be  effective 
only  if  the  pores  are  sufficiently  fine  beneath  the  disturbed  or  dispersed  zone  to  entrap  the  fine 
particles  and  if  the  soil  bed  has  sufficient  depth  and  strength  to  provide  resistance  to  blowout 
failures. 

There  are  problems  related  to  sealing  ponds  other  than  reducing  seepage.  With  some 
chemical  treatments,  contamination  of  the  water  may  make  it  unfit  for  irrigation  or  use  by 
animals.  Dispersed  clay  or  other  colloids  in  the  water  may  reduce  the  value  of  the  pond  for  stock 
consumption  or  recreational  purposes.  Dispersion,  by  trampling  of  animals  or  other  means, 
may  be  expected  to  increase  erosion  of  the  soil  at  the  water  line,  unless  this  zone  is  protected 
by  riprapping  or  other  means. 


STXJDY  OF  PROBLEM  SOILS  USED  FOR  POND  CONSTRUCTION 
Soil  Descriptions 

The  surface  soil  layer  of  the  Ozark  Highlands  is  usually  silt  loam.  It  can  be  compacted 
to  high  bulk  density;  however,  it  is  often  "spongy"  and  permeable  after  compaction.  This  may 
be  due  to  the  presence  of  clay  aggregates.  The  subsoil  layers  are  high  in  chert,  which  is 
intermixed  with  highly  stable  aggregated  red  clay  (fig.  1).  In  some  instances,  thick  layers 
of  chert-free  red  clay  occur  in  the  upper  subsoil.  This  material  is  rapidly  permeable,  owing 
to  its  well-developed  structure  and  stable  aggregation.  Layers  of  fragmental,  porous  chert 
relatively  free  of  fine  material  also  occur.  Exposure  of  either  red  clay  or  cherty  material  in 
the  pond  construction  will  result  in  rapid  seepage  loss. 
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FIGURE  1.--A  medium-sized  pond  in  Dade  County  that  leaks  badly.  It  fills  during 
high  runoff  periods,  but  is  dry  during  dry  periods.  Note  the  cherty  subsoil 
aggregate  in  the  foreground. 

The  surface  soil  layers  of  the  central  Mississippi  Valley  wooded  slopes  are  silt  loams.  The 
texture  usually  becomes  finer  with  depth,  grading  to  a  silty  clay  loam.  Materials  similar  to 
these  may  be  compacted  to  high  bulk  densities  at  optimum  moisture  conditions  (6). 

Permeability  of  the  subsoils  varies  from  rapid  to  slow.  Excessive  seepage  of  ponds  in  these 
soils  arises  from  construction  in  coarse  and  porous  loess  and  from  the  exposure  of  porous 
sandy  or  gravelly  till,  sandstone,  fragmental  limestone  or  shale  strata. 

The  surface  layer  of  rolling  upland  soils  of  the  Deep  Loess  Hill  and  Heavy  Till  Plains  varies 
from  silt  loam  to  clay  loam.  The  texture  of  the  subsoil  layers  varies  from  silty  clay  loam  to 
clay  loam.  Materials  such  as  these  may  generally  be  compacted  to  fairly  high  bulk  densities  at 
optimum  moisture  conditions.  The  degree  of  maximum  compaction  to  be  expected  is  higher  for 
the  silt  loams  and  lower  for  those  of  finer  texture  (6). 

Excessive  seepage  results  for  ponds  constructed  in  coarse,  porous  loess  or  where  porous 
nonconforming  subsoil  materials  such  as  sandy  or  gravelly  till  is  exposed  in  construction. 

Laboratory  Studies  of  Soil  Compaction 

Soil  samples  have  been  collected  from  251eakingor  dry  ponds  from  12  counties  of  Missouri. 
The  material  from  each  sample  which  passed  through  a  4-mm.  sieve  was  stored  in  a  plastic 
bag  to  prevent  moisture  loss.  The  moisture  content  was  determined  by  oven-drying  a  sub- 
sample.  Other  weighed  subsamples  were  adjusted  to  a  desired  moisture  content  either  by  drying 
in  the  air  or  by  the  addition  of  weighed  quantities  of  water.  In  the  preliminary  studies,  tests 
were  made  to  determine  the  moisture  condition  before  packing  and  the  degree  of  compaction  that 
resulted  in  the  lowest  hydraulic  conductivity  (K)  for  most  samples. 

Each  test  consisted  of  packing  a  weighed  subsample,  after  adjusting  the  moisture  content  to 
the  desired  value,  in  an  11 -cm. -diameter  steel  cylinder  to  a  depth  of  8  cm.  in  four  equal 
increments  as  to  weight  and  depth.  The  cylinder  was  10  cm.  high.  The  remaining  2  cm.  were 
filled  with  water.  The  cylinder  was  set  in  a  holder  over  a  funnel  and  flask  that  received  the 
drainage.  The  funnel  and  flask  were  enclosed  in  plastic  sheeting  to  prevent  loss  by  evaporation. 
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Water  was  added  to  the  cylinder  as  needed  to  keep  the  water  level  within  0.1  cm.  of  the  top. 
Outflow  was  measured  until  a  constant  rate  was  obtained.  This  value  was  used  to  calculate  the 
hydraulic  conductivity  of  the  packed  samples.  The  packing  conditions  which  gave  the  best  seal 
(lowest  K  value)  for  a  selected  number  of  samples  of  varying  textures  were  determined  and 
used  as  a  guide  for  packing  the  remaining  test  samples.  In  general,  the  bulk  density  obtained  by 
packing  soil  a  little  on  the  wet  side  of  the  maximum  for  bulk  density  as  a  function  of  moisture 
content  resulted  in  the  lowest  hydraulic  conductivity. 

Tests  were  made  in  the  laboratory  on  one  or  more  samples  from  the  pond  bottom  or  the 
water  line,  and  one  or  more  from  adjacent  field  areas.  These  latter  field  samples  were  tested 
to  determine  whether  it  may  be  feasible  to  use  the  nearby  surface  soil  as  a  blanket  to  seal  the 
bottom  of  the  pond. 

The  preliminary  tests  showed  that  degree  of  compaction  greatly  affects  the  hydraulic 
conductivity  (K)  or  the  seal  obtained  with  the  various  soils.  In  table  1,  the  effect  of  compaction 
on  soil  seal  obtained  is  shown.  The  change  in  bulk  density  (0^)  from  1.60  to  1.75  with  the 
Winfield  soil  from  Lewis  County  changed  the  seal  from  poor  to  satisfactory. 

The  moisture  content  at  which  the  soil  is  compacted  is  usually  critical  in  determining  the 
seal  (table  2).  Actually,  soil  materials  compacted  a  little  on  the  dry  side  of  "field  capacity" 
moisture  content  will  be  a  little  more  compact  than  if  compacted  at  a  higher  moisture  condition. 

TABLE  l.--The  effect  of  compaction  on  seal  of  some  soil  materials  in  Missouri''" 


County- 


Soil 
series 


Layer 
compacted 


Bul]£ 
density 


Hydraulic 
conductivity 
(K)2 


Gm./co. 


Inches/ day 


Lewis 


Marion 


Winfield 


Afenfro 


Ralls 


Winfield 


Fr  anklin     Memplii  s 


Silt  loam  surface 

Gravelly  loam  subsoil 
Silt  loam  topsoil 

Sandy  loam  subsoil 

Silt  loam  surface 


Franklin     Clarksville       Clay  loam  subsoil 


1.30 

>10.0 

1.60 

.-43 

1.75 

.0001 

1.30 

.19 

1.70 

.11 

1.20 

>  10.0 

1.70 

.  0003 

1.30 

>10.0 

1.85 

.006 

1.30 

>10.0 

1.65 

.0004 

1.30 

>10.0 

1.65 

.55 

"^Underscored  figures  are  acceptable  values. 

^Hydraulic  conductivity  or  flow  rate  at  unit  pressure  gradient.  For  a  10- 
foot  head  of  water,  the  seepage  rate  may  be  about  10  times  this  amount. 
Conductivity  equal  to  or  less  than  0.01  inch/day  indicates  good  sealing 
possibilities. 
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TABLE  2. — Effect  of  moisture  condition  on  compaction  seal  of  soil  materials 

in  Missouri 


County- 


Soil 
series 


Layer 


Packing 
condition""" 


Hydraulic 
conductivity 
(K)2 


Inches/day 


Nodaway 


Nodaway 


McDonald 


McDonald 


Grundy. 


Grundy. 


Bodine- 
Glarksville. 


Bodine- 
Clarksville. 


f Clay  loam 

Moist  

0.080 

<  subsoil 

i^. . do. . . . 

.002 

,  subsoil 

. . do. ... 

.023 

Clay  loam 

.023 

I  subsoil 

^»  •do*  •  •  • 

.002 

'Clay  loam 

.032 

J  subsoil 

. . do. . . . 

v. 

Wet.  

.008 

■""Packed  at  the  maximum  bulk  density  feasible  for  the  given  moisture  condi- 
tion. A  "moist"  condition  is  on  the  dry  side  and  a  "wet"  condition  on  the  wet 
side  of  ideal  conditions  for  tillage. 

^Underscored  figures  are  acceptable  values;  dashed  lines  under  figures 
indicate  marginal  values. 

However,  a  better  seal  is  usually  obtained  where  the  soil  is  compacted  at  a  moisture  condition 
a  little  wetter  than  field  capacity. 

In  the  tests  made  for  the  survey  of  the  pond  soils,  the  samples  were  compacted  in  test 
cylinders  at  a  moisture  content  equivalent  to  a  suction  of  about  0.2  atmosphere.  Farmers  would 
consider  this  conditionfor  most  soils  as  "too  wet  to  plow,"  although  ideal  for  obtaining  a  good  seal. 

It  may  be  assumed  that,  with  a  satisfactory  seal,  the  compacted  layer  in  the  upper  8  or  10 
inches  of  a  pond  bottom  largely  determines  the  seepage  rate.  Then,  for  a  10-foot  depth  of  water, 
the  rate  would  be  roughly  10  times  the  hydraulic  conductivity.  If  a  seepage  loss  of  0.1  inch  or 
less  per  day  is  taken  as  an  acceptable  pond  seal,  then  a  hydraulic  conductivity  of  0.01  inch  per  day 
may  be  taken  as  a  maximum  allowable  rate  indicative  of  good  sealing  possibilities  for  the  soil 
and  treatment  tested.  Throughout  the  tables  presented  here,  acceptable  values  are  underscored 
with  a  solid  line  and  marginal  values  with  a  dashed  line. 


Effect  of  Soil  Compaction  on  Hydraulic  Conductivity 

The  description  of  the  tests  of  the  soil  samples  taken  from  pond  sites  are  shown  in  table  3. 
In  general,  the  hydraulic  conductivity  data  for  the  silt  and  sandy  loams  indicate  these  soils  will 
seal  satisfactorily  if  compacted  to  maximum  density  at  optimum  moisture  conditions.  The  soils 
of  the  Deep  Loess  Hills  and  the  Central  Mississippi  Valley  Wooded  Slopes  will  usually  seal 
better  than  the  silt  loam  surface  soils  of  the  Ozark  Highlands.  A  certain  degree  of  sponginess 
seems  to  persist  in  the  silt  loam  soil  samples  after  compaction. 
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TABLE  3. — Summary  of  results  of  survey  of  leaMng  or  dry  Missouri  fam  ponds 


County 

Pond 

Observed 

Soil  san5)les 

Test  results 

size 

condition 

Series 

Location 

Texture 

Acres 


Cm./co,    In. /day 


11 

Dry  

Baxter 

Pond 

Brown, 

UU  o  UUUi 

clay 

1.65 

0.017 

Do  

11 

ci  n 

•    •       V-/  •    •    •    •  • 

do 

X/cLL  J^.    X  CLl 

clay 

1.55 

.098 

— 

— 

. . do. . . . 

Adjacent 

Silt 

field 

loam 

1.65 

.002 

1.5 

Dry  

. . do. . . . 

Pond 

Red 

bottom 

clav 

1  55 

?  ID 

Do. .... 

— 

. . do. . . . 

Adjacent 

Silt 

field 

loam 

1.65 

.081 

— 

~ — 

. . do. . . . 

, . do. . . . 

. . do. . . . 

1.65 

.034 

Marion. . . 

0.5 

Lea]£S 

ifenfro 

Water 

Gravelly 

badly.-. 

line 

loam 

1.70 

.11 

Do 

. .do. . . . 

Adjacent 

Silt 

field 

loam 

1.70 

.001 

Ralls .... 

.25 

Leaks 

. .do. . . . 

Water 

Sandy 

badly. , 

line 

loam 

1.85 

.006 

Do .... . 

Winfield 

Ad j  acent 

Silt 

field 

loam 

1.65 

.0004 

Do  

.25 

Leaks 

. . do. . . . 

. . do. ... 

. . do. . . . 

badly. . 


Marion...  (^) 
Lewis...,    0.25  Leaks 


Ifenfro 


Winfield 


Subsoil  ..do... 
sa]i^)le 


1.50 


1.65 


Pond 


Sandy 


.0001 


.006 


badly. . 

edge 

loam 

1.95 

,007 

Do  

, . do . . . , 

Adjacent 

Silt 

field 

loam 

1.75 

.0001 

Franklin. 

0.9 

Leaks 

Clarks- 

Pond 

Gravelly 

Do  

badly. . 

ville 

edge 

loam 

1.70 

.0001 

. . do. . , , 

Adjacent 

Silt 

Do  

field 

loam 

1.60 

.00003 

1.0 

Leaks 

Men^jMs 

Ad j  acent 

Silt 

badly. . 

field 

loam 

1.65 

,001 

1.0 

Nearly 

Clarks- 

Pond 

Clay 

dry, . . . 

ville 

bottom 

loam 

1.65 

.001 

See  footnotes  at  end  of  table. 
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TABLE  3.— Continued 


County- 

Pond 

Observed 

Soil  samples 

Test  results 

size 

condition 

Series 

Location 

Texture 

h 

Acres 

(in./cc. 

In. /day 

Nodaway. . 

0.5 

Dam 

Shelby 

Water ' s 

-. 

Clay 

leakage 

edge 

loam 

1.65 

0.00002 

~"  ~ 

.,.  do. . . . 

Adjacent 

Silt 

field 

loam 

1.65 

. 00001 

0.3 

Dam 

Grundy 

Water ' s 

Clay 

leakage 

edge 

loam 

1.65 

.006 

*■  ~ 

. .do. . . . 

Ad j  acent 

Silt 

field 

loam 

1.65 

. 00003 

0.7 

Leaks 

. . do. . . . 

Water '  s 

Clay 

badly. . 

edge 

loam 

1.70 

.023 

. . do. . . . 

Ad  j  acent 

Silt 

field 

loam 

1.65 

.002 

0.7 

Some 

Sharps- 

Water's 

Silty 

leakage 

burg 

edge 

clay 

loam 

1.65 

. 00002 

I-to  •  •  •  •  • 

— 

. . do . . . . 

Ad j  acent 

Silt 

field 

loam 

1.65 

.00003 

Do  

0.25 

Dry  most 

. .do. . . . 

Pond 

Silty 

of  time 

bottom 

p1  fiv 

loam 

1.65 

.023 

• • • • • 

— 

. . do. . . . 

Adjacent 

Silt 

field 

loam 

1.65 

.00004 

0.3 

Leaks 

Grundy 

Water '  s 

Silty 

under 

edge 

clay 

dam. . . . 

loam 

1.65 

. 00006 

. . do . . . . 

Ad J  acent 

. . do. . . . 

field 

1.65 

. 00003 

McDonala. 

0.5 

Leaks 

Bodine- 

Pond 

. . do. . . . 

badly. . 

Clarks- 

edge 

ville 

1.70 

.002 

• • • • • 

— 

— 

. . do. . . . 

Adjacent 

Silt 

field 

loam 

1.7^; 

.034 

Do  

0-5 

do 

badly, . 

edge 

Clay  - 

loam 

1.72 

.008 

Do • • • •  • 

. . do. . . . 

Adjacent 

Silt 

field 

loam 

1.80 

.017 

Newton. . . 

(') 

Bodine 

Near  dam 

. . do. ... 

site 

1.75 

.010 

Bee  footnotes  at  end  of  table. 
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TABLE  3. --Continued 


County 

size 

condition 

Soil  samples 

Test  results 

Spries 

Location 

Texture 

Acres 

Gsn.  / cc. 

In .  / c\  flv 

Newton . . . 

I  ) 

Rndi ne 

250  feet 

Silt 

above 

loam 

dam. 

siibsnll 

1. 90 

0  00? 

W  •  v_/W<C 

Do  

0.5 

Leaks 

Wfli'.PT' '  R 

IT  CL  \J\^  X  O 

•  dn  . 

.  .  .... 

badly. . 

J->CLA.  OOJ. 

CTP 

1  90 

OOA 

•  •         •  •  •  • 

AH  T  r»PT*i"l" 

dn 

.  .  yJ.\J  .... 

field 

1  73 

010 

Tex  as .... 

±.  U 

Pond 

V  X  J — Lt; 

XUcUlt 

dn 

•   9            •  •  •  • 

AH  "T  npPTrt" 

field 

loam 

1.65 

.023 

X.  U 

Jjry  

. . do. . . . 

Pond 

Clay 

bottom 

loam 

1  60 

037 

Do  

— 

-- 

. . do .... 

Ad j  acent 

Silt 

field 

loam 

1.65 

070 

•  W  /  w 

Do 

1  0 

. • do . > . • 

. . do. . . . 

. . do. . . . 

1.60 

.035 

\J±  VZ^ii^  •  •  • 

.  .  U.U  .... 

Baxter 

Pond          Red  clay 

edge. 

loam 

west 

side 

1.55 

1.4-1 

Dn 

. . do. . . . 

Adjacent  Silt 

field 

loam 

1.65 

.008 

Jasper, . , 

1.0 

Dry  

. . do . . . . 

Pond 

Clay 

bottom 

loam 

1.68 

.18 

Do  

Dunning 

River  Silty 

bottoms 

clay 

nearby 

loam 

1.75 

. 00008 

"^Underscored  figures  are  acceptable  values;  dashed  lines  under  figures  indi- 
cate marginal  values. 
^Test  sample. 
^Not  yet  constructed. 
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The  best  seals  were  obtained  with  the  Grundy  and  Marshall  silty  clay  loams.  With  some 
compacted  samples,  it  was  necessary  to  apply  hydraulic  pressures  exceeding  100  feet  of  water 
to  obtain  measurable  flow  rates.  This  fact  indicated  that  some  leaking  ponds  excavated  in  these 
soils  may  be  satisfactorily  sealed  by  compacting  the  present  pond  bottoms.  For  silt  loam  to 
silty  clay  loam  soils,  similar  to  the  Marshall  and  Grundy  samples  studied,  it  should  be  possible 
to  achieve  seals  of  sufficiently  low  conductivity  that  the  seepage  would  be  very  small  in  com- 
parison with  pond  surface  evaporation  losses. 


In  the  Ozark  Highlands,  special  treatments  and  precautions  appear  necessary  to  obtain  good 
seals  for  most  soils.  Since  only  fair  seals  were  obtained  by  the  tests  with  the  possible  blanket 
materials  available  in  the  surface  soils  from  nearby  fields,  other  treatments  than  compaction 
were  tried.  In  most  cases,  mixing  from  50  to  90  percent  of  these  materials  with  the  red  clay 
loam  of  the  pond  bottom  achieved  a  better  compacted  seal  than  with  either  topsoil  or  subsoil 
material  alone  (table  4).  This  result  indicated  that  the  blanket  material  should  be  spread  on  the 
pond  bottom  and  tilled  or  stirred  into  the  underlying  clay  before  being  compacted. 

TABLE  -4. — Effect  of  mixing  topsoil  'blanket  with  clay  loam  subsoil 


before  compacting  to  maximum  bulk  density 

County 

Soil 
series 

Blanket 
material 

hydraulic 
conductivity 
(K)i 

Texas   Clarksville.   Topsoil  alone  

Do  do   Subsoil  alone  

Do   ..do   Topsoil:  subsoil,  1:1..., 


Do. 
Do. 
Do. 


..do   Topsoil  alone  

..do   Subsoil  alone  

..do   Topsoil: subsoil,  1:1.... 


McDonald   Bodine- Clarksville    Topsoil  alone. 


Do. 
Do. 
Do. 


Do  

••••••••• 


..do   Subsoil  alone  

..do   Topsoil: subsoil,  1:1. 

..do   Topsoil  alone  

..do   Subsoil  alone  

..do   Topsoil: subsoil,  1:1. 


Dade. 

Do. 
Do, 
Do. 


Do .... 
Do. , 


Baxter   Topsoil  alone  

..do   Subsoil  alone  

..do   Topsoil: subsoil,  1:9. 

..do   Topsoil  alone  

  Subsoil  alone  

  Topsoil: subsoil,  1:9. 


•  e  do  9  •  « 

9  •  do  »  9  « 


Inch/day 

0.023 

.96 

.005 

.070 

.037 

.083 

.03^ 

.002 
.007 
.017 

.008 
.007 

.017 

.10 

.0005 
.034 

2.10 
.029 


"""Underscored  figiires  are  acceptable  values;  dashed  lines  under  figures  indi- 
cate marginal  values. 
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Tests  with  Barnyard  Manure 

Some  laboratory  tests  were  made  to  determine  what  contribution  to  sealing  ponds  the  manure 
from  farm  animals  may  have,  in  addition  to  whatever  effect  may  be  due  to  trampling  by  the 
animals.  Barnyard  manure  was  suspended  in  the  water  used  to  measure  hydraulic  flow  through 
compacted  samples.  The  change  in  hydraulic  conductivity  with  time  is  shown  for  three  test 
samples  in  table  5.  The  reduction  obtained  over  a  period  of  1  or  2  weeks  was  significant.  The 

TABLE  5. — The  effect  of  manure  suspended  in  pond  water  on  soil  seal 


Soil 
series 


Description 
of  soil  seal 


Treatment 


Time 
after 

Hydraulic 
conductivity 

Days 

Inch/day 

f 

Pi    T  y 

.004 

I  ^ 

.001 

^  0 

.23 

1 

.16 

3 

< 

.09 

6 

.06 

7 

1 

.  UD 

.04 

^  0 

1.41 

1 

.76 

3 

.23 

6 

< 

.15 

8 

.05 

10 

.04 

13 

.03 

.  16 

.03 

Baxter. . 


Newtonia. . 


Red  clay  loam 
subsoil  plus 
surface  soil 
mixed  1: 1 


Dark  red  clay 
loam  plus  sur- 
face soil 
mixed  1: 1 


Do. 


Dark  red  clay 
subsoil 


Manure  suspended 
in  water  at  3 
tons  of  dry 
matter  per  acre- 
foot 


.  .do. 


..do   ■< 


■'■  Underscored  figures  are  acceptable  values;  dashed  lines  under  figures  indi- 
cate marginal  values. 
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hydraulic  conductivity  was  reduced  to  an  acceptable  level  by  the  treatment  when  the  initial  value 
was  less  than  0.2  inch  per  day.  Further  tests  with  ammonia  in  solution  indicated  that  this  con- 
stituent of  the  manure  was  not  responsible.  The  sealing  effect  is  probably  due  to  some  complex 
organic  material.  However,  tests  with  organic  gums  and  acrylic  polymers  gave  disappointing 
results.  Suspended  clay  or  ground  hay  in  the  water  improved  sealing  but  to  a  somewhat  lesser 
degree  than  manure. 

Tests  with  Polyphosphates  and  Silicates 

Since  soil  puddling  or  a  soil-dispersing  action  may  be  largely  responsible  for  the  effect 
obtained  by  the  trampling  of  animals  in  reducing  pond  seepage,  laboratory  tests  were  made  with 
chemical  dispersants.  The  dispersants  studied  were  sodium  hexametaphosphate  and  sodium 
tripolyphosphates  (condensed  phosphates)  as  well  as  sodium  silicate  (water  glass).  Results  with 
a  soil  from  a  Dade  County  pond  are  shown  in  table  6.  The  effects  of  the  sodium  hexametaphosphate 
are  often  spectacular.  Changes  in  conductivity  with  additions  of  sodium  tripolyphosphate  were 
not  so  noticeable  and  even  less  so  with  water  glass.  Other  tests  using  soda  lime  and  ammonia 
gave  small  decreases  in  conductivity. 

It  is  evident  that  the  dispersing  effect  of  the  condensed  phosphates  of  sodium  is  largely  due 
to  the  formation  of  soluble  ion  complexes  with  the  multivalent  cations  in  the  soil  (such  as  iron, 
aluminum,  calcium,  and  magnesium),  which  are  responsible  for  binding  clay  particles  in  stable 
floccules  or  aggregates.  The  activity  of  the  flocculating  polyvalent  cations  is  reduced  and  replaced 
by  the  monovalent  cation  sodium.  Also,  the  condensed  phosphate  is  strongly  adsorbed  on  the  clay 
particles.  The  process  virtually  rips  the  clay  mineral  apart,  owing  to  the  complexing  of  iron 
and  aluminum.*  At  the  same  bulk  density,  a  puddled  mass  of  dispersed  clay  will  be  less  per- 
meable than  a  gravel-like  body  of  aggregates  before  dispersion.  Unfortunately,  the  condensed 
phosphates  hydrolyze  to  ordinary  orthophosphate,  so  that  precipitation  and  a  reversion  to  the 
aggregation  of  the  clay  particles  may  be  expected  after  several  months'  time. 

Although  chemical  treatments  are  quite  effective,  they  may  in  some  cases  be  too  expensive 
to  be  practical.  The  use  of  mechanical  dispersion  methods,  either  by  machinery  that  may  be 
designed  to  tread  or  stir  the  soil  below  the  pond  water  surface  or  simply  by  allowing  animals  to 
trample  in  the  pond,  may  be  more  satisfactory — at  least,  from  the  cost  standpoint. 

Tests  with  Emulsions 

Some  asphalt-water  emulsions  and  a  commercial  pond  sealing  emulsion  were  tested.  The 
results  with  asphalt  emulsions,  either  mixed  in  the  soil  or  suspended  in  the  water,  were  disap- 
pointing. The  decreases  obtained  differed  little  from  those  that  were  obtained  by  working  and 
compacting  the  soil  to  the  same  extent  in  a  slightly  wet  condition.  Tests  with  the  commercial 
emulsion  indicated  that  it  will  reduce  the  flow  rate  about  60  or  70  percent.  These  results  were 
consistent  with  the  claims  of  the  distributors  of  this  material.  However,  for  sealing  farm  ponds, 
a  more  effective  method  or  material  is  needed. 


LABORATORY  MODEL  STUDIES 


It  would  be  extremely  difficult  to  determine  the  distribution  of  hydraulic  pressures  and  flow 
characteristics  in  the  soil  under  a  pond.  Yet  these  relationships,  especially  in  the  top  of  the  soil 

^Personal  communication  from  El.  R,  Allmaras,  soil  scientist.  Soil  and  Water  Conservation  Research  Division. 
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TABLE  6. --Effect  on  hydraulic  conductivity  of  adding  dispersants  to  samples 
taken  from  a  pond  excavated  in  Baxter  silt  loam 


Description  of 
soil 
material 

Dispersant 

Rate  applied 

Hydraulic 
conductivity 
(K)' 

Tons/acre-6  inches 

Inches/day 

Dark  red 
clay  loam 

^    Sodium  hexa- 

metaphosphate 

Sodium  tripoly- 
phosphate 

Water  glass 

0 

.5 

2 
10 

0 
2 
1 
10 

0.10 
.021 

.0004 
.0004 

.64 

.001 

.37 

.023 

Silty  clay  from 
pond  bottom. * • •  ^ 

Sodium  hexa- 
metaphosphate 

..do  

L  ..do  

0 

2 
10 

.017 

.003 
.002 

Silt  loam 

surface  soil. . .  -* 

r  Sodium  hexa- 

metaphosphate 

1     . . do  

L.  Water  glass 

0 
1 
10 

.002 

.0005 

.005 

Silt  loam- red 
clay  loam 

^   Sodium  tripoly- 
/  phosphate 

0 
2 

.25 
.018 

■"■Underscored  figures  are  acceptable  values;  dashed  lines  under  figures  indi 
cate  marginal  values. 


profile,  would  be  helpful  in  predicting  the  effectiveness  of  a  compacted  layer  in  reducing 
seepage.  Although  these  are  not  easily  studied  directly,  something  can  be  learned  about  the 
principles  involved  by  the  use  of  laboratory  models. 

Procedure 

The  laboratory  model  consisted  of  a  column  of  soil  packed  in  a  cylinder  of  clear,  rigid 
plastic  tubing  (fig.  2).  The  base  was  sealed  to  a  sheet  of  clear  plastic  with  an  outlet  for  drainage, 
and  a  coarse  screen  was  placed  in  the  bottom  to  conduct  drainage  to  the  outlet.  In  the  first  test, 
red  clay  subsoil  from  a  Baxter  profile  was  packed  into  the  cylinder  to  a  depth  of  43  inches,  a 
bulk  density  of  about  1.0  gm./cc. 
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FIGURE  2. "Laboratory  model  of  the  soil  beneath  a  farm  pond.  Tens iometers  inserted 
through  the  plastic  wall  measured  hydraulic  pressure  in  the  soil  water.  Screws 
turned  loosely  into  threaded  holes  in  the  wall  allow  the  air  in  the  soil  pores  to 
adjust  to  the  pressure  of  the  atmosphere. 


In  the  second  test,  the  upper  4-inch  layer  of  the  soil  was  compacted  to  1.20  gm./cc.  In  the 
final  test  of  this  series,  the  top  was  sealed  with  a  1-inch  layer  of  fine  silt  loam  (Knox  subsoil). 
The  column  was  capped  with  an  aluminum  plate  that  was  clamped  and  sealed  with  a  gasket  so  as 
to  make  it  possible  to  increase  the  pressure  on  the  water  on  the  soil  surface  by  using  compressed 
air.  The  cap  was  fitted  with  an  air  inlet  and  also  an  inlet  for  water  from  the  city  water  line  so 
that  water  could  be  introduced  and  kept  on  the  soil  surface  by  opening  a  valve  to  the  water  line. 
One  requirement  was  that  the  air  pressure  inside  the  chamber  be  less  than  the  water  line 
pressure. 

Manometers  of  the  U-tube  type  were  attached  with  tygon  tubing  to  porous  tensiometer  cups, 
which  were  inserted  into  the  soil  through  the  wall  of  the  cylinder  and  sealed  in  place  so  as  to 
measure  pressure  or  suction  at  4,  8,  16,  24,  and  32  inches  below  the  soil  surface.  Screws  were 
turned  into  threaded  holes  at  4-inch  intervals.  Keeping  these  loosely  fitted  in  the  zone  of  negative 
hydraulic  pressures  prevented  escape  of  water,  yet  allowed  the  soil  air  to  adjust  to  atmospheric 
pressure.  A  screw  would  be  tightened  only  when  positive  pressure  was  registered  at  the  nearest 
manometer.  When  the  water  was  draining  slowly  from  the  outlet,  it  was  assumed  that,  at  the  base 
of  the  soil,  the  pressure  in  the  water  was  1  atmosphere;  that  is,  the  differential  pressure,  or 
suction,  in  the  air-water  interface  was  equal  to  zero.  After  flow  and  pressure  appeared  to  reach 
a  steady  state,  these  were  recorded  as  characteristic  of  the  soil  condition  used. 

Results 

The  flow  through  the  Baxter  soil  column  without  a  blanket  seal  was  excessive  (table  7),  The 
hydraulic  pressures  in  the  column  remained  positive  to  a  depth  of  more  than  2  feet,  even  though 
the  head  applied  at  the  soil  surface  was  only  35  inches. 
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The  wet  compaction  treatment  had  a  pronounced  effect  on  the  hydraulic  pressure  distribution 
in  the  column  as  well  as  the  flow  velocity.  With  a  hydraulic  head  of  nearly  6  feet  of  water  at  the 
surface,  the  pressure  dropped  to  a  suction  of  about  9  inches  of  water  at  the  4-inch  depth.  The 
soil  remained  unsaturated  (under  suction)  throughout  the  remainder  of  the  column.  The  seepage 
rate  was  reduced  to  about  1  percent  of  that  of  the  unsealed  column. 

The  compacted  1-inch  silt  loam  seal  further  reduced  seepage  and  increased  the  pressure 
gradient  in,  the  surface  layer.  Even  with  more  than  15.5  feet  of -head  at  the  surface,  the  pressure 
dropped  to  negative  (suction)  values  at  the  4-inch  depth.  The  hydraulic  conductivity  of  the  surface 
layer  was  decreased  from  11.5  inches  to  0.0017  inch  per  day  by  the  combined  wet  and  blanket 
treatments. 

The  results  of  this  model  study  indicate  that,  even  under  leaking  ponds,  the  soil  water  may 
be  at  pressures  below  that  of  the  atmosphere  at  a  foot  or  two  below  the  soil  surface  under  the 
pond.  When  there  is  a  good  seal  of  the  soil  surface  beneath  the  pond,  the  soil  water  is  probably 
under  suction  just  a  few  inches  beneath  the  seal,  even  at  hydraulic  heads  of  more  than  10  feet 
of  water.  The  suction  effect  will  make  a  small  contribution  to  the  hydraulic  gradient  and,  hence, 
the  forces  causing  seepage.  With  a  good  seal,  this  effect  will  be  negligible. 

The  observed  drop  from  the  applied  pressure  to  suction  over  the  sealed  interval  has  one 
further  practical  application.  If  sufficient  supporting  strength  is  provided  beneath  the  seal,  a 
coarse  aggregate  or  gravelly  zone  below  the  sealed  layer  will  contribute  less  to  seepage  than  a 
moderately  fine  material,  since  water  will  not  enter  large  pores  until  the  suction  force  is  very 
low  or  the  pressure  becomes  positive.  Water  moving  under  suction  force  of  about  0.1  atmosphere 
or  greater  will  flow  faster  at  the  same  gradient  through  dispersed  medium-to-fine-textured  soil 
particles  than  through  sand,  gravel,  or  loose  aggregates. 


FIELD  TESTS 


Procedure 

Sealing  tests  have  been  made  on  two  ponds  in  southwestern  Missouri.  These  are  the  1.5-acre 
pond  in  Dade  County  and  the  one  listed  for  Greene  County.  (See  table  3  for  description.)  The 
Greene  County  pond  leaked  badly,  evidently  through  the  exposed  red  clay  aggregate  on  both  of 
the  basin  sidewalls  near  the  fill.  There  was  no  evidence  of  seepage  through  or  under  the  fill. 
Cattle  were  kept  in  the  field  that  enclosed  this  pond.  The  feeders  and  salt  boxes  were  kept  on 
the  east  side,  so  that  trampling  was  not  uniform  around  the  pond.  The  Dade  County  pond  was 
dry  most  of  the  time.  Any  runoff  that  collected  in  it  after  rainfall  was  lost  rapidly  into  the  exposed 
cherty  red  clay  aggregate  in  the  pond  basin. 

The  Greene  County  pond  was  treated  on  April  11,  1961  (fig.  3).  The  treatment  consisted  of 
spreading  1,000  pounds  of  sodium  hexametaphosphate  over  an  area  consisting  of  two  strips, 
one  on  each  side  above  the  fill.  The  strips  were  about  30  feet  wide,  extending  above  the  water's 
edge  and  about  200  feet  lengthwise  from  the  fill.  The  fill  was  not  treated.  The  chemical  was 
harrowed  into  the  soil  and  then  blanketed  with  3  inches  of  silt  loam  topsoil  from  a  field  nearby. 
It  was  assumed  that  the  trampling  of  the  animals  would  pack  or  puddle  the  soil.  It  was  suggested 
that  the  owner  rotate  the  location  of  the  feeders  and  salt  boxes  about  the  pond  so  as  to  distribute 
trampling  more  evenly. 
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FIGURE  3."This  pond  in  Greene  County  leaked  badly.  After  treatment  above  the 
water  line  with  hexametaphosphate  and  a  silt  loam  blanket,  the  pond  filled  to 
near  the  treated  level.  With  heavy  runoff,  filling  above  the  treated  level  is 
ephemeral. 


The  Dade  County  pond  was  treated  June  12  to  15,  1961.  At  this  time,  there  was  a  shallow 
pool  of  water  less  than  1  foot  deep  in  the  basin  (fig.  4).  Fifteen  hundred  pounds  of  sodium  hexa- 
metaphosphate was  spread  over  the  basin  below  the  spillway  level.  The  chemical  was  disked  into 
the  soil  surface.  Topsoil  from  the  field  area  above  the  pond  was  spread  by  a  road  grader  as  a 
blanket  over  the  total  basin  area  to  a  depth  of  about  4  inches  and  mixed  with  some  of  the  basin 
soil  by  disking.  Topsoil  was  pushed  into  the  shallow  pool  of  water  and  spread  by  a  bulldozer. 


FIGURE  4. "The  pond  in  Dade  County,  1  month  after  treatment.  A  small  amount  of 
runoff  has  increased  the  size  of  the  shallow  pool  in  the  basin. 
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The  cleat-tracks  thoroughly  stirred  and  puddled  the  soil  under  the  water  and  a  short  distance 
above  the  water  line.  The  soil  in  the  basin  above  the  water  line  was  compacted  with  a  sheepsfoot 
roller.  All  the  area  was  rolled  about  5  times.  A  rainfall  of  about  0.5  inch  on  June  14  moistened 
the  soil  to  about  the  optimum  moisture  for  maximum  compaction. 


Observations 

Although  summer  rainfall  was  above  normal  for  southwestern  Missouri  during  1961,  the 
distribution  was  such  that  there  were  no  large  runoff-producing  storms.  Occasional  observations 
showed  the  water  levels  in  the  two  ponds  were  slowly  rising.  In  November,  the  level  in  the 
Greene  County  pond  appeared  to  have  reached  a  stable  level  1  foot  higher  than  any  previous 
ephemeral  stage.  It  was  still  between  4  and  5  feet  below  the  spillway,  but  a  little  above  the 
blanket-treated  area.  At  this  time,  the  Dade  County  pond  had  more  water  in  it  than  ever  before, 
although  it  was  less  than  half-filled  (fig.  5).  On  February  20,  1962,  this  pond  was  filled  to  the 
5-foot  depth  (fig.  6).  In  July,  the  level  had  raised  to  the  7.4-foot  depth.  This  was  near  the  upper 
limit  of  the  treated  area  of  the  basin. 

According  to  the  owner,  the  Dade  County  pond  had  been  at  this  level  for  several  weeks. 
The  Greene  County  pond,  at  this  time,  was  at  about  the  same  level  as  in  November.  The  cattle 
were  still  being  kept  on  one  side  of  the  pond.  If  they  had  been  moved,  as  recommended,  to  the 
other  side,  the  seal  would  doubtless  have  been  further  improved.  Further  field  testing  is 
desirable. 


■l         BBB^^BBBl  nil— ill  >wmm.&j'. 


FIGURE  5. "The  Dade  County  pond  in  November  1961  (5  months  after  treatment). 
The  low  summer  runoff  has  increased  the  level  to  nearly  one-half  capacity. 
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FIGURE  6. --The  pond  in  Dade  County  (8  months  after  treatment, 
February  20,  1962).  The  pond  is  filled  to  the  outlet  tube. 


DISCUSSION 


Field  testing  with  leaking  ponds  in  Missouri  has  not  proceeded  far  enough  to  make  reliable 
recommendations  to  farmers.  However,  from  the  basic  principles  outlined  from  work  elsewhere 
(5,  6,  7),  from  the  results  of  laboratory  and  model  studies  and  from  the  field  observations,  some 
suggestions  can  be  made. 

Seals  can  be  improved  so  that  leaking  or  dry  ponds  may  be  salvaged  to  serve  the  purpose 
for  which  they  were  designed.  Ponds  that  leak  badly  only  after  they  reach  a  certain  level  can 
probably  be  sealed  by  treatments  around  the  waterline.  Unless  the  leak  is  through  very  porous 
materials  or  channels,  puddling  should  help  seal  it.  This  may  be  done  with  a  harrow,  disk,  or 
even  a  rotary  hoe,  or  the  trampling  of  farm  animals. 

For  a  pond  basin  that  is  dry  most  of  the  time  because  the  area  was  excavated  in  porous 
chert  and  aggregate — and  the  fill  is  also  porous  because  it  is  composed  of  the  same  material — it 
will  be  necessary  to  compact  a  loam  blanket  over  the  whole  basin  area,  including  that  of  the  fill. 
For  the  more  porous  spots,  6  inches  or  more  of  sandy  loam  material  should  be  applied  and 
compacted.  If  sandy  loam  is  not  available,  silt  loam  may  be  used.  A  blanket  of  silt  loam  should 
then  be  spread  and  compacted  over  the  entire  area.  Compaction  may  be  with  a  heavy  sheepsfoot 
roller  or  a  weighted  disk.  With  a  disk,  the  final  passes  should  be  with  the  disks  set  almost 
straight  so  as  to  compact  rather  than  stir  the  surface. 

Since  deep  excavation  is  responsible  for  the  exposure  of  pockets  or  layers  of  aggregated 
clay,  gravel,  or  coarse  sand  pockets,  or  of  porous  rock  ledges  or  other  permeable  materials, 
some  farmers  believe  deep  excavations  should  be  avoided. 

At  least  8  feet  of  storage  depth  should  be  maintained.  It  may  be  desirable  to  achieve  this 
with  higher  fills  rather  than  deep  cuts,  particularly  in  some  of  the  Ozark  Highland  soils  similar 
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to  the  Baxter  and  Newtonia  series.  The  material  needed  for  the  fill  may  be  obtained  by  extending 
the  excavation  farther  upslope  from  the  fill.  This  will  increase  the  storage  volume  and  decrease 
the  depth  of  cut  near  the  fill. 

Where  possible,  the  soils  with  less  permeable  or  faulty  conditions  in  the  subsoil  should  be 
avoided.*  If  the  owner  has  good  reason  to  construct  a  pond  in  such  soils,  then  he  should  be  sure 
suitable  blanket  material  is  available  adjacent  to  the  site.  In  such  cases,  it  may  also  be  desirable 
to  get  more  of  the  necessary  storage  depth  and  volume  from  the  height  of  the  fill  rather  than  from 
the  depth  of  the  excavation.  The  fill  should  be  keyed  into  an  impervious  layer,  or  a  compacted 
blanket  should  be  spread  as  a  bag  seal  over  the  basin,  including  the  basin  side  of  the  fill. 

A  heavy  application  of  barnyard  manure  may  improve  the  seals  in  some  ponds.  For  moderate 
seepage  rates,  it  is  evident  that  manure  added  to  pond  water  will  improve  the  seal.  For  such 
ponds,  it  is  suggested  that  manure  applications  be  tried.  The  use  of  manure  may  be  objectionable 
from  the  standpoint  of  contamination.  Laboratory  tests  and  practical  experience  with  sewage 
lagoons  have  demonstrated  that  such  contamination  in  the  water  is  short-lived,  due  to  the  decom- 
position. Sealing  may  result  from  bonding  of  decomposition  products  with  soil  particles  so  as  to 
plug  soil  pores. 

Even  though  the  polyphosphate  chemicals  tested  for  dispersion  and  sealing  were  very 
effective  for  the  red  clay  soils  from  the  Ozark  Highlands,  they  appear  too  expensive  for  use  by 
farmers.  There  is  also  some  question  as  to  how  quickly  they  may  revert  to  ordinary  ortho- 
phosphates  and  lose  their  effectiveness.  Probably,  dispersion  and  sealing  can  be  achieved 
satisfactorily  by  mechanical  soil  manipulation  and  compaction. 

Since  it  will  usually  take  some  time  after  soil  treatment  before  there  is  enough  runoff  to 
fill  a  pond  that  has  been  treated,  it  may  be  necessary  to  protect  the  soil  from  drying  and 
cracking.  This  may  be  done  by  spreading  a  mulch  of  straw  manure,  old  hay  or  straw  on  the 
soil  and  pinning  it  into  the  surface  by  the  final  rolling  or  disking  operations  used  to  compact 
the  blanket. 

The  area  above  the  high  water  line  may  be  seeded  with  a  suitable  sod-forming  grass 
such  as  fescue.  If  a  mature  fescue  hay  is  used  as  the  mulch  on  this  area,  it  will  serve  to  seed  it 
as  well  as  to  protect  it  from  erosion. 


5  The  estimated  permeability  to  be  expected  for  compacted  soil  of  fill,  blanket,  or  basin  bottom  can  be  found  by 
a  simple  test.  Cut  the  top  from  a  quart  oil  can  and  perforate  the  bottom  with  nail  holes.  Pack  moist  soil  in  layers 
about  1  inch  thick  into  the  can,  using  the  end  of  a  hammer  handle  or  similar  implement  to  pack  the  soil  as  densely 
as  possible.  Leave  about  1  inch  of  free  space  at  the  top.  Place  the  can  inside  a  small  clear  plastic  bag  and  set  it 
on  small  rods  or  blocks  to  keep  the  base  free  for  drairtage  and  place  indoors  out  of  the  sun  and  where  temperature 
fluctuations  are  not  extreme.  Add  water  to  the  top  of  the  soil  and  close  the  plastic  bag  loosely  by  tying  with  string 
or  by  folding.  Add  water  as  needed  to  keep  the  level  near  the  top  of  the  can.  After  2  or  3  days  or  when  water  starts 
draining,  the  rate  of  water  loss  from  the  top  should  be  observed.  If  the  water  level  drops  less  than  1/4  inch  per 
week,  you  may  expect  a  good  seal  from  this  material  if  it  is  packed  to  maximum  density  at  optimum  moisture  con- 
tent. 


19 


LITERATURE  CITED 

(1)  Anonymous. 

1960.  Sealing  earth  dams.  Australia  Commonwealth  Sci.  and  Indus.  Res.  Organ.  Rural 
Res.  32:  10-11. 

(2)  

1960.  Study  seepage  from  western  Iowa  reservoirs.  Iowa  Farm  Sci.  15(10):  14-690. 

(3)  Dirmeyer,  R.  D.,  Jr. 

1962.  Progress  report  of  clay  sealing  investigations  during  1961.  Colo.  State  Univ.  Civil 
Engin.  Sect.  Rpt.  62RDD8:  1-8. 

(4)   and  Shen,  R.  T. 

1960.  Sediment   sealing  of  irrigation  canals.  Colo.   State  Univ.  Civil  Engin.  Sect.  Rpt. 
60RDD33:  1-124. 

(5)  Holtan,  H.  N. 

1950.  Holding  water  in  farm  ponds.  U.S.  Dept.  Agr.  SCS-TP-93. 

(6)  

1950.  Sealing  farm  ponds.  Agr.  Engin.  31:  125-130,  133-134. 

(7)  Kroth,  E.  M.,  Jamison,  V.  C,  and  Grogger,  H.  E. 

1960.  Soil  moisture  survey  of  some  representative  Missouri  soil  types.  U.S.  Dept.  Agr. 
ARS-41-34:  3-41. 

(8)  North  Central  Region  Technical  Committee  on  Soil  Survey. 

1960.  Soils  of  the  north  central  region  of  the  United  States.  North  Cent.  Region.  Pub. 
76:  70-118;  Wis.  Univ.  Bui.  544. 


20 


